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Lasers in Dermatology 



f lasers }n rucdiuiiie doty st/iiple characterisation. Now technology and 
^iiew sm^ioid nnd diagnostic applications fur laseis are tfUjiid^iy b& 
"\ing cjunwlytHi i-Mfirs serve goals m diVftrsc as revBSOuTflrizfldon of 
; /fech$ti)jt> cnrdlac tis3ue, prcciso BUUlpting of th& cornea, pnlvwisftrts 
: ; tulnqry stoues t and injaginjf cuinsere in vivo, Permatology hK^ been 
1 deeply affected by Ituwro, wing them as prratae and tissue-selective 
surgiq^l tools. 



: ELECTROMAGNETIC RADIATION 
; AND THE LASER BEAM 

" - For tejiiuries, physicists debated the nalur* of light. Wnlle Maxwell 
and bj& ni^Mfil) colleaauw argued that vMhlfi %ht bellAved aj< pditl- 
cles, Frwnel and'tho French physicists malutalned thai ll^ht behaved 
as a wave, accounting fox phenoraeua wch aa diffra^^on, constrwc* 

♦ ttve an4 desunctive IntwfcreJiice. Both view*' are wrrect, a "duality* 
row fjjf.tvasWe In quantum phy&tcs, Proof tbat elcvtromagnetio rwdl- 

" allon (RMR) travels as disctete parttcJcw, or ^wfffl/w, of energy vama 
whe.n Binsiein demonslrated that light vail tlberato siiifile electrons off 
of tt iw*fll-Ji)H plate, This Iwl to the prcwot viow that all malter and 
energy;— everything in the universe— is quantized, liMRis now voncep- 
' UiaHwj4 ^ a fundamental fot m of enoiKy^ propagaUUfi through €paco at 
a csojiBfaul i\wid c t as h wave hut compiled of discrete quanta known 

* as photons.. As oxpiea*«J by I'innck'v (B=hi> = hc/k, where 
fi^ e/i$r£iy, i> = riequeno^ k = wavelength, c ^ speed of H&ht, and 
h ^ PlanGk** constant), phOtOrt energy ?R propontonal tu wave fro- 
iiuejivy and Inversely relate to wuvelength. Comequonlly, shorter 
Wavelenglh photons ourry run^enoi^y.TlieEMKfipectrumrangesrroni 



Ions-wavelength, low-energy nadiownvea and microwaves to short* 
wavelength* high energy x-rays. 

When EMR eneounters skin, phob>n« are absorhed by individual 
molecules, called thmmophorfjr, and/w scattered hy aimcturcs In ti>e 
skin. ScaUeting Is a change in Ui& direction of propageition of lljtlrt, »nd 
aeeoonls for reflecrton from flkin, Abliorptloii extinguishes a photon, 
and all of die photon energy Is iransfcmsd to tlie chromophor e molecule 
thai absorbed the photon. Without energy absorption, no photon-tissue 
interflctlon can oocnr, Tonhlng forms «T BMti such tts:)t-rays and short- 
wAy;e ultravlolot (U V) light Impart enough energy to strip electrons from 
the absorbing molecules entirely, In contrast, opto!- radiation lias the 
fight quantum energy for moving electrons beiweeo their molecular 
orbit levels, Thla Is the basis Tor phc^tochomi^fy, In which a ptmton 
provides the activation energy for clucmieul reactions. Fof examplo, 
visible hghl Is visible because its phiito* energy exactly matches the 
aetivHtion energy forrhodopsin to i&Mttte, inirialing a retinal action 
potential. Optica* wavelengths arc gcciefflHy expreswd In nanometers 
(1 Mn « J(^m)i Infiared radiation, hlch has a lunger wavelength and 
lower photon enei^gy than visible light, generally excites vibrational and 
rotational motions, generating kinetic energy (heat). 

LASER is an auronym for light amplified by stimulated cnnsnlon of 
radiation— a process that explains how Hie unique charac(cii^(v$ 
of laser il^it areOhtalnedj illuWted luFig. 267-K/4). The creation of 
light Is conceptually the inverse of d.bsorptlon^-a photon is creeled 
whenan electron jumps to alower-wiitfgy orbital. Ill most light sources, 
this Is a spontAiieons, landont pkmohs« In contrast, ;laser photons arc 
fitlmulated iato existence by each othtr, Dlectronsio the laser jnedtum 
are first eselted to a jnetoAtfibio elats, which wilt ewntualiy return -to 
the preferred ground state by emitting energy, In stimulated emission, 
a photon triggers the Please of mtitw tablo sfule enargy in tho form of a 
second, identical photon. Thus, amplification of light is aohieved. The 
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f IGURE 267-5 




rwiill* ru oontrart to posUnflflilinmlojy JypwplgmtJiiiuUoii, wbMi Is 
caused by Melanin piguKint iocuidlneiico, puatyulerottwruny hype*, 
pigmentation U caused by ves^l rupture, Cffythruoyte cMthvdsr^ 
and porlwwflutnr hemosiderin jlcpoaltlon. 'JafazfcoU & «i, llse( j ^ 
Q-swltchwJ ruby fowor (5.6 to 10,5 Jfcin*; 4-uritti sjpol ife) to 
lift coinmun $alerotirowpy complication tn eight patients, notUuj % 
ntfaant tightening In 92 percent of lifted areaf , 4 * * l<> 

Drug-iiuluead hYperpigmanintlon may bs caus<>d by denial and est* 
d^naldojWBilioi^WrvgmfrlRtwmotfi hemosiderin* melanin, or Hcam- ' 
biiiatton of pigment typss. unwwit*d pigmentation * -wirtoh van 
vary from elate-gray to blue, llfec, brown, yellow, or i\sd depending un 
the oulpiU drug— often foltowt a nholoflfitrfotttion (e.g., omloilftronA ' 
hnlpnimiiie), but may utoo occa on mucosal Giiif^cest nails, t«tl», 0 ? 
hi n s^ieffllliwj distribution (e^., mfoiwydluo, busuifeo). Q**witched 
rubyj idwwidrlte, end 1064 nm-NthYAtf Iowa Imva nit been wed t 0 
Ji^tcarainncycllac-Muwd eulttneoo* hyperplgnumtatlon wtfo food 
resulto, Significant cusnltffc fmuixjvcm^Jt haa also bean reported 
wing Q-awftched taww to irea* amiodsrone- Anil ImloramlnMniluced 
hyrttfplgmantoticii. 
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Fprdttmal nevus in thunm-fcM^ 
scanned CO2 Fas«r. 



Melasma tfioidd be reapoiulYO lo-Q-iftvtUfUed laser* capable of *o- 
leouvoly Cat-gotlog melanin, yot this ha? not been the caae in pnw- 
* liuo* Rfltlmr, oil ftunia of meluwnn huva proven lcfractory to \aw 
.imitMUh wilh rwiinvnw or even pigment cfaifccning Nlug the rule. 
There Is lUrio ,doubt Hint Q-awItcfied fasor itoslmwit o^lmya the 
demuU inDlanophiijjw present hi tfie dermal form of m^m&> Ivut 
treatmont ncccssHrUy toagea the eptdofml* In ihtf pttjWM, pnten- 
► tinting farther mcji«jmw r Pntfanl? with refraolory M4l hwlaama or 
pofidaflwwnntory hyprapigmentAiion typically do jwt tmpmve attar 
Q-AwltviwU xuby torn towitinent. 44 'IVimiUiot ii)ipfoven\eut had been 
noted after usljig erbhnnsYAO sWn rwurliiclng to float rofraotory fti- 
o^o< mefwmai Jiowover, «U palivnU extrtrlenced ilgolfloaiit pwlimiKm- 
nifltoiy JiypofpSgmonUilIon^ Al pitteM, laser twabjiont of mekajnii 
cannot be advocated h* h yhigle-Hna tbarap^ although jutUcwu* u|e of 
(^awItchedJaserlmdtoliortCtf*^ 

with topkal bloHwbhitf weanw and aim prot«ctlwi rany yield coflmatte 
'. Irap^vwovnt In firtina Individuals* 

Laser treatmejit of posttn^iuimatory hypurp^iiafltalioit h Iosj titer 
appolndng^ but vnrtuWe, <ianeolally In darker skin typos prone lo fatw 
induced pigment alteration, in lightoi' skin typos* however, 0-swUched 
ln?er)j Mien a* ti>e ruby, alexandrltej and Nd:YAO Imva been used to 
treat DostsclewfhMflpy, opdma^nduwul! hypon>lg«^H«lottWJ(h good 
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Exogfirtoug Qcmial PJgrjteni! Tattoos 

i^rtotheadvcntofQ-AWIwIi^lflaeriechnoipgyJniilvidualidatJrlrtjj 
taU^ittnovalhadtoolioofiaboKvyconkeeiilng^elttattooorH^tl^ 
war mill placo, Whiles a major jftjp forward, Q-awltchad towrtroalroflm 
of tfttlods h far from Jdoul Is) nWlltd hands, ablaliw ti^hnlqucaj 
Including BHlabnndon, dermataigton, cryotherapy, oxolsion, and CO a 
f ftiw vaporjwilion, are cupubloof yielding cwmollciiUy iiooujitehla re- 
yet none can promise miirornii Kiir-jDtbotaurH^ removal. vVilhtJw 
intwduotion 41 and subsequent iefinom urt or Q^wlrchad law lw\w\- * 
oiy for Hie ireaimctU of tuitoqa, solooliw ^epioval of tattoo piuttidt 
Mjlhout ^earriiiH bcoamo a real > cllnloa1 possibility. _ ; 

" T^TTTde^nreaTiiwut should iwriow wii trnuefc of laltoo plJruwU with- 
out leaving residual svurrfng. Jtfoit IhIUh> j^gpwnt partfolw jire I«m]< . 
l?a<J to lyswf Ulrica, prhnarliy ihIIMh deimal fibroblast*, niftvrophuseij ■ - 
and occasional mast ceils," Pigment paittol^ alzo langos ffyiO about I" 
2 to 400 nm, with the predominant plgnacnt lypo beJrtg an oval-ibaped 
40-nm griniule. O-iwlichwl tours producu nm wcond pu\m> thetehy + 
achlwving tliarmol ccnfinvoieat wlfhln individual lyso^omca, WAh 
Q^M^lMei-uealmtsnUihbltradtatoOpigrtwntpw^ 
twnpwfrtutw U\Msmj>£M\!Ci!my) wiililu «anoweoods r produ- . 
ckjj lulemflt changes auvh m niechanSeal rttpture and vtienji«ol«Itwf . 
atlojj (o.g r , corabuatioii for caiton-baswl pUTjlclea) t T^yloar «J» and/ 
Olliars have d<acribwl tlte mojpholoato nppearanco <if audi Ura^ifl^ J • , 
plflj^entpAtiioles ae l, lamollatud" or "aholl-llko; 1 with cwilrnl zO^Mor 
lucency und Jurdnlnhed opauiij/, 44 theaa JntrlnsSu ^utclufat andchanv- 
ical ohaotftf atona may wooiwt for somo of Ibo tattoo ll^j«ut«g m[ 
follows Q^wltohed lawr iirtidiatjon. Koch hosiio^ plguuint patiJole aB«" 
vaporitoa n sholl of waiora nrroiMlng It, ctcatbjg a fiboo> wave unjtciV- 4 . 
Iiadon IhHl my contf lbtilo u>'» lie meehintcal ippiine anrt dijip*«^^* 
thopljjm&nUlnwghoutfoeno^ - 
fragrnvFUH into the eatrave)tu1^ space otori, and U^e itik is P»^# ; 
oliTriliiated via lymphullo dm\w&> t icpJiagocytorfy, or lrafl-»pldoj^Pf \< 
^Imlnatton— nil ptopo^ed mwhaniema of p^lt;eauw«rt wlrot>tC S ** 
ance ( Stratcgtos So augment trHiio 4, pJgn\enUfliimluritloTi patbwaya*! . • 
hoaien tho piowwa or taitoo itfhtetitug, lo adtHUwi, there Is 
dence that a now ganeradou pieosecond-putvid luftefft pi»y : 
more efiooliveHtaohjeviniibollit3mfmai and bieMfalconfluewint ^W^- ■ - 
Indlvidonl taitflo pigment panicles, leading to eahuncVd pin & ^y\. \\ 1 
tfreou and inorc c^ftwUve tattao ptenwrt clearance.^ At P |ffl ^]ffi^ ": ': 
nulugfcal and can oonMralme bvo limited the- finical \, 
plcojiecond laser?. VrJtirV '* 

Over the past decode, the term "laser tuiioo romflval" h ^ ; ^'"*: . 
Ite way into popular culuiro, and there Is a ourreul mSsc<ttK^JJ^l^ ; | 
modem hisera can simply wwe any taituo. Jieccntiy, If* 



